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INTRODUCTION
Now a day cataract surgery is the most commonly performed surgical procedure in the world. Removing the opaque, cataractous lens and replacing it with an artificial lens to achieve near to normal visual acuity post operatively is not only accepted but by and large a mandatory norm. The lenses used for the purpose are called Intra Ocular Lens.
Cataract surgery, the largest form of commonly performed surgical technique in the world today, has an memorable history. The earliest example, cataract "couching", was initially reported around three thousand years ago in India in their ancient text, the Mahabharata. Couching is a process that should be consigned to historical textbooks: the pressing down of cloudy lenses into the vitreous with a thorn or a needle. It leaves the patient aphakic (but with some visual function) requiring a high hyperopic prescription lens to compensate. While it still occurs today in Progress in recent times has been rapid, such that modern surgical techniques for extracting the human lens appear to be nothing short of astonishing when compared to what was performed just thirty years ago. Incision size reductions and the use of phacoemulsification have revolutionized cataract surgery. Further a second revolution; the implantation of the intraocular lens (IOL).
Invention of an implantable, well tolerated and techniqually feasible lens has been a revolution on cataract surgery.
ORIGINS OF IOL
The true beginning of the IOL goes back to time of Second World War. Against a backdrop of the Battle of Britain, where aircraft fought for air supremacy in the skies over the south of England, Harold Ridley was a civilian ophthalmologist who had operated his eye on Royal Air Force pilots with eye injuries. On August 15, 1940 , inspiration stuck. A pilot's Perspex canopy had shattered, sending numerous splinters of PolyMethylMethAcrylate (PMMA, Fig. 1 ) into his eyes. Ridley performed a total of 19 operations on the pilot, saving the vision in one eye. During the process, he realized that the body's immune system had not reacted against the PMMA splinters; unlike glass splinters, they remained inert in the eye. Ridley recognized that this material could be used for artificial lenses, and that these could be implanted into the eye to replace the natural lenses removed during cataract surgery [1] [2] [3] .
Fig. 1. Scanning electron micrograph of a Ridley intraocular lens made from PMMA
At the same time as history views this as a pivotal moment in the development of the field, many in the ophthalmic establishment at the time strongly disapproved of Ridley's work. Nevertheless, others followed his example, including Warren Reese, the first American to implant an IOL, and the Ridley-designed IOLs began to be implanted widely with great success. Complications did occur, including severe hyphema, downward decentration, iris atrophy, glaucoma, anterior and posterior dislocation, and inflammation, meaning that approximately 15 percent of the Ridley implants were eventually removed.
It took until the 1970s before IOL implantation after cataract surgery was considered to be a standard procedure.
IOL MATERIALS
PMMA as the material used to make IOLs had many advantages but it also had one major disadvantage: the big corneal incision size required to implant it as PMMA is rigid. Resulting in a large wound that needs to be stitched closed. This can induce astigmatism and, compared with modern cataract surgery, requires a prolonged recovery time. Another driver for smaller incision holes occurred when Charles Kelman introduced phacoemulsification in 1967; surgeons made a small incision for the phaco tip, but then had to enlarge it to place the lens. Something had to be done about the incision size and that meant flexible, and therefore foldable, IOLs [1, 4, 5] .
Advantages and Disadvantages of PMMA:
Advantages:
1. Extensive clinical experience 2. Suitable for single piece IOLs, three-piece lenses and IOL haptics 3. Excellent biocompatibility 4. Hydrophobic surface 5. Outstanding optical propertieshigh light transmissibility 6. Can add UV-absorbing materials 7. Inexpensive
Disadvantages:
1. Rigidmeaning that the incision size needs to be at least as big as the diameter of the IOL. 2. The incision needs to be sewed shutthis can induce post-operative astigmatism.
Hydrophilic Acrylic: Hydrophilic acrylic is a quite heterogeneous material group and has high water content. These lenses are cut in the dehydrated state and then hydrated and stored in solution. The IOL water content varies between IOL to IOL and it can be as high as 38%. A meta analysis on PCO showed that the hydrophilic acrylic lenses are more prone to develop PCO than hydrophobic acrylic lenses or silicone lenses [6] . This may be because of the high water content that "inviting" more lens epithelial cells (LEC) in growth or the truth that the optic edge of IOLs in this group is never as sharp as with the hydrophobic materials [4], therefore inducing a less sharp bend of the capsule at the edge and being a less effective barrier to regenerating LECs.
Disadvantages: Lens opacification of the optic material due to calcification [5, 7, 8] .
Silicone: In the past decade, we have been seeing a continuous decline in the use of silicone IOLs. Whereas silicone is a very good IOL material, especially concerning its PCO blocking effect [9] , it cannot be used for a mono bloc open-loop lens. This lens design is the preferred choice for use with preloaded injectors that allow implantation through incisions smaller than 2.8 mm, which appears to be the current trend. When using an injector for small incisions, there is a risk of tearing of the optic at the optic-haptic junction or kinking of the haptics during injection with multi piece open-loop IOLs [9] .
Foldable IOL:
Foldable Hydrophobic Acrylic:
At present the most commonly used material group [10] , these polymers of acrylate are foldable under room temperature. The materials with low water content, a high refractive index have high memory, which also makes the material suitable for the haptics of a monobloc open-loop IOL. This group of material unfolds in a controlled fashion and has been shown to have a good uveal and excellent capsular biocompatibility. The two main companies of this group are AMO Acrylic (Santa Ana, CA) and Acrysof (Alcon, Fort Worth, TX).
A critical property of an acrylic material is glass transition temperature (Tg)the temperature at which a material changes from a hard and brittle state to a more flexible stateand this varies by polymer structure. Accordingly, it's important to bear in mind Tg when folding IOLsif an IOL material has a high Tg, it's important not to fold it in a cold environment.
Disadvantage:
1. One of the drawbacks of this material group has been intralenticular changes. Small water incorporation in the optic material called glistening can occur in hydrophobic materials, predominantly seen with the Acrysof material. Over time, the glistening can increase, but evidence to this date does not indicate any effect on visual function. 2. The other drawback has been dysphotopsias reported with this high refractive index material. The most frequent positive dysphotopsia was edge glare, which was due to internal reflections at the rectangular edge of the Acrysof IOL under mesopic conditions with a large pupil, typically induced by a light source from the side and reported as a peripheral arc of light by patients [11] . Its lead changes in optic geometry, these dysphotopsias have been reduced significantly with newer hydrophobic acrylic models.
Hydrophilic Foldable IOLs:
The first foldable IOLs were developed in the 1950s, and were made of hydrogels. Hydrogels are hydrophilic networks of polymers that swell extensively on contact with water; they vary in size and properties, depending in part on their water content. In the hydrated state, hydrogels are flexible, clear, and non-immunogenic and resemble living tissuemaking them an excellent material to make foldable IOLs from (albeit a material that was considerably more expensive than PMMA). As water saturation determines hydrogel size, it means that you can implant a semi-hydrated lens through a small incision, and it will expand in the eye as it becomes fully hydrated.
Silicone Foldable IOL:
The first foldable silicone IOL ( Fig. 2 ) was implanted in human eyes in the 1978 by Kai-yi Zhou [7] . These were rapidly adopted, and foldable silicone IOLs conquered the market in the 1980s. In 1989, AMO introduced the PhacoFlex model SI-18, the first commercially available three-piece silicone IOL platform for use after clear corneal small incision phacoemulsification. This was followed in 1997 by the first FDA-approved multifocal IOL, the Array (also manufactured by AMO), which also contained a silicone lens, and for a long time dominated the multifocal IOL market.
Silicone is a synthetic polymer constructed as an organic polysiloxane molecule. These molecules consist of periodically repeated silicon-oxygengroups. This arrangement is the backbone for a polymer, which is identical for all silicone IOLs. Bound to the silicon atom are side chains, which influence the properties of the material. Firstgeneration silicone materials (like polydimethylsiloxane) had methyl side chains. Second-generation silicones have the methyl side chains replaced with vinyl groups.
Besides smaller incision sizes, foldable IOLs were insertable using single-use applicators or implantation devices, making the procedure easier for the surgeon, and reducing the risk of ocular infection. An added bonus is that the incision sizes used when introducing foldable IOLs are so small relative to rigid lenses, they are normally self-sealing, produce less astigmatism, and allow faster visual rehabilitation.
Light Filtering IOL:
The entire IOL materials used today include ultraviolet (UV) light-blocking chromophores to filter the UV light. From in vitro and animal experiments, blue light was considered harmful due to short wavelength high energy light causing retinal damage by inducing more oxidative stress at the retinal level. Even though this has not been proven in humans, some manufacturers have introduced yellowtinted IOLs to filter the short wavelength light.
Disadvantages:
1. One is a reduction in color contrast sensitivity, especially under mesopic conditions, and 2. Another is that the melatonin production in the brain may be altered, causing a change in the circadian rhythms that are steered by blue light levels in the eye [12] Although till date no study has shown that a yellow lens causes a loss in contrast sensitivity, this may also be due to the lack of sensitivity of the psychophysical tests used.
INTRAOCULAR LENS DESIGNS
IOL lens design:- (Fig. 2) . Today, several manufacturers of hydrophilic IOLs still use a plate-style design, usually combined with small loop-like haptics at the four corners to allow better adaptation to capsule bag size.
Drawback:
One main drawback of the plate-style design is the incomplete synthesis of the anterior and posterior capsule leaves along the plate haptic axis and, therefore, the lack of capsule bending at the optic edge. Due to this LECs migrate centrally onto the posterior capsule and cause the most common long-term problem after cataract surgery-PCO.
Some manufacturers have designed a cross-over between plate haptic and open-loop haptic design (Fig. 2) . This allows better adaptability to capsule bag size variations and also reduces the zone of missing capsule bend.
Open-Loop IOLs:
Multipiece IOLs: Open-loop IOLs are held in place in the capsule bag by exerting a centripetal pressure on the capsule bag fornix and sometimes also the ciliary body, or in case of sulcus placement the ciliary sulcus. The haptics of an IOL should maintain their original configuration during the implantation procedure. This type of loop is the preferred type for IOLs dedicated for sulcus placement.
Single-Piece IOLs: New manufacturing methods led to the introduction of single-piece open-loop
IOLs some years ago.Unlike three-piece IOLs, which usually consist of two different materials (optic and haptics) and need to be assembled by hand, these IOLs are produced in a single step from one material. Single-piece IOLs tend to be more resistant to damage when used with injectors and the production process is cheaper since less staff intensive. Next-generation onepiece IOLs, such as the Tecnis 1-Piece IOL, fit in a 360-degree square-edge design.
Haptic Angulations IOLs:
The PCO preventative effect of sharp-edge optics suggests that it might be useful to maximize the barrier effect to migrating LECs at the posterior optic edge by pushing the IOL backward against the posterior capsule. This can be achieved with angulated. They were originally introduced because an angulation reduced iris shave in cases where the lens was placed in the sulcus. Consequently, such posterior vaulting characteristics can be found in many modern three-piece IOLs, with angulation of 5 to 10 degrees. However, studies showed that these designs do not lead to a smaller IOL to posterior capsule distance [12] and do not seem to have a better PCO-inhibiting effect than IOLs with little or no haptic angulation.
Even though the average capsule bag only has a diameter of about 10.4 mm [13] , the variability is quite large with size ranging from 9.8 to 10.9 mm. For this reason and the fact that the bag ovalizes after lens implantation, especially in the case of weak zonules, most IOLs are oversized for the bag. This is especially true for the multipiece IOLs from the major manufacturers, which usually have an overall length of 13 mm. It looks the main reason for such oversizing is the need for the IOL to also be suitable for sulcus placement, even if a larger diameter would be preferable for this occasion [13] .
Intraocular Lenses for Insufficient Capsule Support:
In the case of capsule complications where a bag placement of an IOL is no longer possible, but the anterior capsule is intact, the IOL can be placed with the haptics in the sulcus. However, in order to ensure centration and axial stability of the IOL, an overall length (haptic to haptic) of at least 13 mm should be chosen. Ideally, especially in eyes with a larger sulcus diameter such as myopic eyes, 13.5 or 14 mm would be more appropriate.
There are some dedicated sulcus IOLs with such overall length often combined with a larger optic diameter of 6.5 or even 7 mm, both available as non foldable PMMA or foldable IOLs (Fig. 2) . Foldable single-piece IOLs should be avoided for mentioned situations as their relatively thick haptics can cause rubbing on the posterior aspect of the iris with pigment dispersion.
Special Haptics-Accommodating Intraocular
Lenses: Currently available accommodating IOLs are supposed to work according to the optic shift principle. Due to the contraction of ciliary muscle the anterior shift of the optic, resulting in an overall increase in refractive power of the eye. A 0.7-mm shift would be predicted to achieve 1 diopter of accommodation in an eye of normal dimensions. Accordingly, in a short eye, such a shift would cause more refractive change. These IOLs have in common a hinge-like junction of haptics to optic that should allow the shifting of the optic when the haptics are compressed. Measurements of IOL shift with present models have shown only very small amounts of IOL movement and to be very variable among eyes, both when stimulated with a near target or pilocarpine-induced ciliary muscle contraction [14] [15] [16] . Apart from lacking evidence of their function, these IOL designs have had significant amounts of PCO with most patients needing Nd:YAG capsulotomies within the first 2 years after surgery (Fig. 2) [17] .
Intraocular Lens Optic Design:
Edge Design: During the past decade it has become clear that optic edge design plays an important role in the prevention of PCO. When the Acrysof lens (Alcon) was introduced in the early 1990s, several studies showed that PCO development was significantly less than with other IOLs [18] [19] [20] . This first was attributed to the acrylic material and to the surface properties of the IOL [21] . Later it could be shown that the sharp-edge design of the lens seemed to be the
Fig. 2. IOLs designs
key factor for this effect [22] . The sharp IOL edge was a result of the manufacturing process, and its blocking effect on LEC migration, therefore, rather coincidental. Further studies confirmed that the rectangular shape of the IOL rim with its sharp edges, in combination with the acrylic material, was in fact the main reason for the reduced formation of PCO [23] .
Studies by Nishi revealed that the discontinuous capsular bend seems to be a key factor for the preventative effect of a sharp-edge optic [23, 24] . The capsular bend at the posterior optic edge causes mechanical pressure and/or contact inhibition of LEC growth on the posterior capsule (Fig. 2) . In a meta-analysis of the randomized controlled trials comparing round and sharp-edge IOLs [25] , there was a clear beneficial effect of sharp-edge IOLs concerning inhibition of PCO. This also confirmed that the sole modification of the posterior optic edge from a round edge to a sharp edge leads to a significant reduction of PCO by inducing a discontinuous bend at the posterior capsule [26, 27] .
Optic Geometry:
Biconvexity: Nearly all IOLs on the market have a symmetrically biconvex optic, meaning that the radius of curvature of the front and back surface are identical. Several manufacturers have an asymmetric biconvex optic, where the back surface curvature is relatively flat and constant throughout most of the power range and the anterior curvature is varied for IOL power. This causes a slight shift of the principal optical plane of the IOL and also implies that the lens should not be implanted front to back in the eye, apart from the angulation of the haptics being backward as well. In a symmetrically biconvex lens with no angulation, the IOL could be implanted front to back without a change in optical power [28] .
Optical Zone: The majority IOLs have a full-size effective optical zone of 6 mm in the main range of IOL powers. So, the higher powered IOLs will have a thicker optic than the lower powers. This has the advantage of a full optic zone, but can make folding of the IOL or injecting with a shooter variable depending on IOL power. Some IOLs keep a constant center thickness of the optic and vary the effective optical zone, so varying the curvature of the optic and, for that reason, optic power. To my knowledge, there was only one manufacturer (Dr. Schmidt) that actually varied refractive index of the silicone material used for different powers, thereby keeping a constant effective optical zone and center thickness [13] .
SPECIAL OPTICS Multifocal Intraocular Lenses (1997):
Multifocal IOLs (mIOL) are projected to overcome the postoperative lack of accommodation by dividing the incoming light onto two or more focal points. One zone of these is used for distance vision, the other for near or intermediate vision. These IOLs have shown to reduce the need for spectacle correction in daily life [28] . However, good refractive outcome and low residual astigmatism after surgery are key to success. Till date there are little published data available, but this strategy appears promising in some patients.
Toric Intraocular Lens (1998):
With cataract surgery we can attempt to reduce pre exisiting corneal astigmatism using incisional techniques, such as placing the corneal incision on the steep axis, adding an opposite clear cornea incision (OCCI) on the same axis, or making limbal relaxing incisions (LRIs) on the steep axis. Most surgeons will use a 600-micron knife to perform LRIs. LRIs are able to reduce corneal astigmatism by as much as 3 diopters. The variability of the outcome is mainly due to inter patient differences in scarring of the corneal tissue, corneal rigidity, and corneal thickness [29] .
Aspherical Intraocular Lenses (2004):
Lenses in which the front surface is not curved as part of a sphere but is relatively flatter in the peripheryhave hit the market and reportedly provide superior contrast sensitivity over the more traditional spherical IOLs. Currently, investigators at companies such as Alcon and Bausch & Lomb are studying the effects the aspheric IOLs on contrast sensitivity [30] . Since the lens helps compensate for the positive spherical aberration that can be induced by both the cornea and the lens itself, it provides a distinct improvement in modulation transfer function, which should assist in improving image quality, particularly in lowlight situations [31] .
Bausch & Lomb was the former to offer the aspheric IOL, in 2004. "The SofPort Advanced Optics (AO) aberration-free aspheric intraocular lens is a three-piece silicone lens with a 360degree square edge, and PMMA haptics," [32].
CONCLUSION
Today, Ridley's genius has improved the lives of many millions of people. IOL use is not limited to cataract surgery, they have become an important method of improving refractive outcomes, as part of clear lens exchange. The gradual improvement in IOL design, first in making flexible lenses, then the ever-improving optical outcomes have meant that vision after cataract surgery has never been better -in the developed world. Alas, in developing countries, if patients do receive an IOL, for cost reasons it is likely to be a rigid PMMA lens. We have come a long way in terms of IOL design, but many people with cataracts in rural areas of the developing world, need help to catch up.
